
1.0 Introduction

Azo dyes are organic compounds bearing the functional 
group R−N=N−R′, in which R and R′ are usually aryls. They 
are a commercially important family of azo compounds, i.e. 
compounds containing the linkage C-N=N-C. Azo dyes are 
widely used to treat textiles, leather articles, and some foods.

Azo dyes derived from benzidine are carcinogens; exposure 
to them has classically been associated with bladder cancer. 
Accordingly, the production of benzidine azo dyes was 
discontinued in the 1980s in many western countries. Certain 
azo dyes degrade under reductive conditions to release any of 
a group of defined aromatic amines. Consumer goods that 
contain listed aromatic amines originating from azo dyes 
were prohibited from manufacture and sale in European 
Union countries in September 2003 due to their carcinogenic 
effect.

European standard EN 14362 is a method for 'Determination 
of Banned Amines Derived from Colorants'. Though it is a 
standard method, for any residual level analysis, it is a good 
laboratory practice to derive –

- Instrument Detection Limit (IDL)

- Method Detection Limit (MDL)

- Repeatability

- Reproducibility and 

- Measurement Uncertainty (MU).

With the help of this data, we can ascertain the skill of the 
staff and so the competency of the laboratory. All this data 
can be derived either by Spike Recovery of the standard 
banned amines or by the re-testing of the reference samples. 
By this exercise, data for a few banned amines can be 
gathered. As there are 24 Banned Amines, it is very difficult 
to get the reference samples of azo colorants that can release 
all these amines.

To get more confidence to analyse an unknown sample of azo 
colorants, it is necessary to have Recovery data of all 24 
Banned Amines. This study is to derive the recovery data of 
Banned Amines.

2.0� Standard Method: EN 14362-2009

Method for determination of certain aromatic amines 
derived from azo colourants.

3.0  Reagents and Materials

· RFD (Ready for Dyeing) cotton fabric �

· 24 standard amines 

· Citrate buffer
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· Sodium Dithionite

· Methanol

· t-butyl methyl ether

· Grade 3 water

4.0  Apparatus

· Water bath, Vacuum rotary evaporator, Pipette

· HPLC (High-Performance Liquid 
Chromatograph)

· GC-MS (Gas Chromatograph-Mass Selective 
Detector)

5.0  Standard Solution Preparation

1000 ppm(parts per million) solution of all 24 banned amines 
was prepared separately. Then the mixture of amines was 
prepared in three groups by considering the Retention Time 
of the amines in GC-MS and HPLC so that there should not 
be any overlap of more than 1 amine in a chromatograph.

Table 1:Mixture of amines Group 1

Table 2: Mixture of amines Group 2

From this mixture of standard amines three different 
concentrations of 50, 100, and 200 ppm(parts per million) 
were made. These solutions were then used for the study of 
spike recovery by following the standard method EN-
14362:2009 (2.0).

Standard Operating Procedure (SOP)

I. Spike the Prepared standard solution on 1 gm small 
pieces of 100% cotton Ready for Dyeing (RFD) fabric.

II. Reaction with citrate buffer at 70°C for 30 minutes 
followed by reaction with Sodium Dithionite at 70°C for 
30 minutes.

III. Cool at room temperature followed by solvent extraction 
and concentration of Amine.

Analysis of the final prepared solutions by GC-MS for the 
identification of amines, followed by Quantitative Analysis 
by HPLC.

6.0� Results and Discussion

Table 4: Recovery Data

 Sr. No. Banned Amine 

1 o-anisidine 

2 4,4'-methylenedianiline 

3 2,6-xylidine 

4 4,4'-thiodianiline 

5 4,4'-methylenedi-o-toluidine 

6 
2,2'-dichloro-4,4'-
methylenedianiline 

7 3,3'-dimethoxybenzidine 

8 3,3'-dichlorobenzidine 

Table 3: Mixture of amines Group 3

Sr. No. Banned Amine 

1 2,4-diaminoanisole 

2 2-amino-4-nitrotoluene 

3 2,4-xylidine 

4 2-naphthylamine 

5 Benzidine 

6 3,3'-dimethylbenzidine 

7 4-aminoazobenzene 

 

Sr. No. Banned Amine 

1 2,4-diaminotoluene 

2 4,4'-oxydianiline 

3 o-toluidine 

4 p-chloroaniline 

5 p-cresidine 

6 4-chloro-o-toluidine 

7 4-aminobiphenyl 

8 2,4,5-trimethylaniline 

9 o-aminoazotoluene 

 

Sr. 
No. 

Banned Amine 

% Recovery 

50 
ppm 

100 
ppm 

200 
ppm 

1 4-aminobiphenyl 82.0 80.1 73.9 

2 Benzidine 66.8 66.8 60.0 

3 4-chloro-o-toluidine 86.8 81.4 70.7 

4 2-naphthylamine 85.3 * * 

5 o-aminoazotoluene 81.5 * * 

6 
2-amino-4-
nitrotoluene 

97.2 * * 

7 p-chloroaniline 82.8 78.0 67.8 

8 2,4-diaminoanisole 18.3 20.3 18.9 

9 
4,4'-

methylenedianiline 
88.8 83.9 76.5 

10 
3,3'-dichloro-

benzidine
59.1 57.5 63.4 

 



Based on the recovery data, the following is the inference 
of findings:

Three of the banned amines namely o-aminoazotoluene, 2-
amino-4-nitrotoluene, and p-aminoazobenzene were not 
getting recovered in the group analysis. 

Hence the spike recovery study was separately carried out for 
each of these 3 amines by spiking the amine in citrate buffer 
instead of RFD fabric. After the GC-MS analysis, it was 
observed only a sharp peak of 1,4-benzenediol (Figure 1 
for o-aminoazotoluene and Figure 3 for p-
aminoazobenzene)*. This may be due to the further reaction 
of the amine group into 1, 4-benzenediol after the reductive 
cleavage and solvent extraction steps.

The spike recovery study was again carried out by spiking 
the standard amine solution in water followed by solvent 
extraction. The prepared solutions of these amines were then 
injected in a GC-MS. It was observed that along with the 
amine peak, there was also a sharp peak of 1,4-
benzenediol (Figure 4 for o-aminoazotoluene and Figure 
5 for p-aminoazobenzene). This may be because of the 
further reaction of the amines in a solvent extraction process.

No. 
ppm ppm ppm 

11 
3,3'-dimethoxy-

benzidine 
91.1 86.9 79.2 

12 
3,3'-dimethyl-

benzidine 
87.9 86.7 81.5 

13 
4,4'-methylene-di-o-

toluidine 
95.3 90.2 82.5 

14 p-cresidine 87.1 81.9 71.2 

15 
2,2'-dichloro-4,4'-

methylene-dianiline 
66.7 66.9 66.9 

16 4,4'-oxydianiline 83.7 81.8 74.0 

17 4,4'-thiodianiline 67.4 67.6 59.7 

18 o-toluidine 100.0 100.0 94.0 

19 2,4-diaminotoluene 35.4 38.8 39.0 

20 2,4,5-trimethylaniline 70.0 nd Nd 

21 o-anisidine 82.8 82.0 73.0 

22 p-aminoazobenzene 78.4 * * 

23 2,4-xylidine 73.2 75.9 70.6 

24 2,6-xylidine 93.2 87.6 80.3 

 *Data available only for 50 ppm

Figure 1:TIC of Spike Recovery Extract of o-aminoazotoluene (Spiking in Citrate buffer)

Peak# R. Time Area Area% Height Base m/z Name
1 11.377 15494805 100% 2458706 110.10 1,4-Benzenediol

15494805 100% 2458706 110.10

Peak Report TIC



Figure 2 : o-aminoazotoluene, 2-amino-4-nitrotoluene, p-aminoazobenzene and 1, 4-benzenediol

o-aminoazotoluene                                                             1, 4-benzenediol

Figure 3:TIC of Spike 
Recovery Extract of p-
aminoazobenzene (Spiking in 
Citrate buffer)

Peak# R. Time Area Area% Height Base m/z Name
1 4.932 263286 1.03 47400 54.05

1,4-Benzenediol
430943 1.69 111774 93.10

Peak Report TIC

2
3
4
5

5.891
11.383
17.131
21.259

24712473
33946
85981

25526629

96.81
0.13
0.34

100%

3011245
13247
31872

3215538

110.10
73.10
149.10

Peak# R. Time Area Area% Height Base m/z Name
1 11.581 49954498 88.61 3643725 110.10 1,4-Benzenediol

6418556 11.39 1592464 106.15

Peak Report TIC

2 26.210
5673054 100.00 5236189

o-Aminoazotoluene

p-aminoazobenzene2-amino-4-nitrotoluene

Figure 4:TIC of Spike Recovery 
Extract of o-aminoazotoluene 
(Spiking in water)



Figure 5: TIC of Spike Recovery Extract of p-aminoazobenzene (Spiking in water)

This was again confirmed by injecting the standard amine 
solution directly in GC-MS. TIC of this clearly shows a very 
sharp peak of these 3 amines (Figure 6). Hence, it was 

confirmed that the 1,4-benzenediol peak was because of the 
further reaction of the amines in an extraction process.

Figure 6:TIC of Mixture of Standard amines o-aminoazotoluene, 2-amino-4-nitrotoluene, p-aminoazobenzene

Peak# R. Time Area Area% Height Base m/z Name
1 11.394 20757702 88.66 2792506 110.10 1,4-Benzenediol

3196323 13.34 578867 92.10

Peak Report TIC

2 23.087
23954025 100.00 3371373

p-Aminoazotoluene

Peak# R. Time Area Area% Height Base m/z Name
1 16.631 1916462 13.38 300080 77.05

4173497 29.13 892170 92.10

Peak Report TIC

2
3

23.070
26.206 8236797

14326756
57.49
100.00

1856342
3048592

106.10

o-Toluidine, 5-nitro-
p-Aminoazobenzene
o-Aminoazobenzene



Recovery of the 2 of the banned Amines namely 2,4-
diaminoanisole and 2,4-diaminotoluene was less. Hence the 
spike recovery study was separately carried out by spiking 
the standard amine solution in citrate buffer instead of RFD 
cotton fabric. After the individual recovery study of these 2 
amines, it was confirmed that there was not much 
improvement in the recovery.

7.0  Conclusion

In the recovery study, it was found that the stability of 3 of the 
Banned Amines namely o-aminoazotoluene, 2-amino-4-
nitrotoluene, and 4-aminoazobenzene is poor and generates 
1,4-benzenediol in an extraction process.

Recovery of 2,4-diaminoanisole is less than 30 % and 2,4-
diaminotoluene is less than 60 %. It is necessary to apply a 

correction factor of recovery when it is detected in an 
unknown sample.

Part 3 was added in EN 14362 in 2012 as a special procedure 
for azo colorants that can form p-aminoazobenzene. Under 
the conditions of EN 14362-1, it generates the amines 
Aniline and 1, 4-phenylenediamine.

Under the conditions of EN 14362-1, the banned amines o-
aminoazotoluene, 2-amino-4-nitrotoluene and p-
aminoazobenzene generate 1, 4-benzenediol.

Like part 3 for p-aminoazobenzene, it is necessary to study 
the azo colorants that can form o-aminoazotoluene and 2-
amino-4-nitrotoluene.

Abbreviations

RFD :  Ready for Dyeing
TIC :  Total Ion Chromatograph of GC-MS
Spike Recovery :  Introducing the known quantity of reference material and finding out the quantity recovered after following the 

 standard protocol.
GC-MS :  Gas Chromatograph-Mass Selective Detector
HPLC :  High-Performance Liquid Chromatograph 
ppm : (parts per million)
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